Objectives-To investigate the eVect of intracoronary dipyridamole on the incidence of abrupt vessel closure, myocardial infarction, necessity for bypass grafting, and death following percutaneous transluminal coronary angioplasty (PTCA). Patients-Patients were randomly allocated to receive either conventional pretreatment (heparin 15 000 IU and aspirin 500 mg intravenously) or additional intracoronary dipyridamole (0.5 mg/ kg bodyweight). Dipyridamole was administered in 550 PTCA procedures (455 interventions in men, mean (SD) age 59.2 (8.4) years; 74 acute coronary syndromes), while conventional pretreatment was administered in 544 interventions (444 interventions in men 58.3 (7.9) years old; 81 acute coronary syndromes). In 53 interventions bail out stenting was performed for threatened abrupt vessel closure. Results-Intracoronary dipyridamole significantly reduced the incidence of abrupt vessel closure (odds ratio 0.42. 95% confidence interval (CI) 0.22 to 0.79). While abrupt vessel closure occurred in 6.1% of interventions following conventional pretreatment, dipyridamole reduced the incidence to 2.5%. Restricting the analysis to balloon angioplasty, this reduction was observed in patients with stable angina (odds ratio 0.49, 95% CI 0.23 to 0.96) as well as in those with acute coronary syndromes (odds ratio 0.29, 95% CI 0.09 to 0.87). Reduction of secondary end points in the dipyridamole treated patients failed to reach significance in the PTCA group. Conclusions-Intracoronary dipyridamole before PTCA reduces the incidence of abrupt vessel closure following PTCA for stable angina and acute coronary syndromes. (Heart 2000;83:551-556) 
Abrupt vessel closure continues to represent the most dangerous hazard of percutaneous transluminal coronary angioplasty (PTCA). Despite anticoagulation and inhibition of platelet aggregation, abrupt vessel closure complicates coronary angioplasty in 2-8% of cases.
1-3 Intracoronary stenting and pharmaceutical blockade of the glycoprotein IIb/IIIa receptor reduce the incidence of abrupt vessel closure, 4 5 but cannot completely resolve the issue. Numerous predictors of abrupt vessel closure have been established including lesion characteristics, and clinical and angiographic predictors. 6 Owing to local activation of the coagulation system and intracoronary thrombus formation, the use of PTCA in treating acute coronary syndromes such as unstable angina or acute myocardial infarction is associated with an excessively high risk of abrupt vessel closure. [7] [8] [9] [10] Angioplasty induced injury of the coronary artery (type III injury) is followed by the adhesion and aggregation of platelets leading to intracoronary thrombus formation. 11 Apart from the degree of vessel wall injury, activation of the local coagulation system and coronary perfusion determine the extent of intracoronary thrombus formation. 12 13 Dipyridamole induces dilatation of coronary arteries at the microvascular site and prevents platelet aggregation. Its mechanism of action as an antithrombotic medication can be attributed to diVerent mechanisms. These include phosphodiesterase inhibition with consecutive intraplatelet cAMP accumulation, and inhibition of adenosine degradation resulting in the stimulation of platelet adenylate cyclase. There are conflicting data concerning the eYcacy of dipyridamole as an antithrombotic agent in humans. In a prospective randomised investigation oral dipyridamole did not prevent acute complications following PTCA. 14 However, Danchin and colleagues described a significant reduction of abrupt vessel closure with intravenous dipyridamole in a retrospective analysis. 15 Since oral or intravenous application of dipyridamole is associated with a high level of plasma protein binding (up to 99%) which might counteract a suYcient local concentration at the coronary site, intracoronary application of dipyridamole was performed in this investigation. 16 The aim of our study was to assess the eVect of intracoronary dipyridamole on the incidence of abrupt vessel closure and additional secondary end points defined as myocardial infarction, necessity for bypass grafting, and death following PTCA.
Methods

PATIENTS
Over a 14 month period (April 1995 to May 1996) 1623 coronary interventions were performed. Patients presenting with chronic obstructive pulmonary disease and hypotension, defined as systolic blood pressure below 100 mm Hg (n = 102), and patients receiving recanalisation of a completely occluded coronary artery in the setting of stable angina (n = 181), were completely excluded from our study. Patients treated with intracoronary stenting (n = 179, including 53 interventions in which stenting was performed following randomisation) or alternative techniques like coronary atherectomy or laser angioplasty (n = 67) were not included in the analysis. Thus, restricting the analysis to pure balloon angioplasty, 1094 interventions (67.4% of all interventions performed during the study period) in 1082 patients were analysed. In a second step, analysis was performed on an intention to treat basis of 1147 interventions including the 53 interventions in which bailout stenting had been performed following randomisation. In 155 interventions PTCA was performed in the setting of acute coronary syndromes, including 51 dilatations for unstable angina (class III, class B and C, according to Braunwald 17 ), and 17 and 104 dilatations for acute myocardial infarction (defined as onset of symptoms within a period of less than 24 hours). The study protocol was reviewed and accepted by the local ethics committee. Written informed consent was obtained from all patients. Only two patients refused to participate in the study and were treated with techniques other than angioplasty (stent implantation, atherectomy).
RANDOMISATION AND CORONARY ANGIOPLASTY
All of the patients included in our investigation were treated with intracoronary isosorbide dinitrate (0.3-0.6 mg) directly after placement of the guiding catheter, and were then randomised to receive either conventional pretreatment consisting of heparin 15 000 IU and aspirin 500 mg intravenously or an additional intracoronary application of dipyridamole (0.5 mg/kg bodyweight). Treatment with either conventional medication or additional dipyridamole was not blinded. Intracoronary dipyridamole was administered in two boluses, by manual injection over a time period of one minute per bolus. The first half of the calculated dosage of dipyridamole was given before balloon inflation following placement of the guiding catheter; the second portion was administered after completion of balloon angioplasty. The randomisation was performed by the technical assistants of the catheter laboratory immediately before angioplasty by opening sealed envelopes indicating the pretreatment to be applied. Coronary angioplasty was performed according to the standard criteria of our department. 18 Patients receiving recanalisation of a completely occluded artery were admitted to our study only, when PTCA was performed in the setting of acute coronary syndromes. Recanalisation of completely occluded coronary arteries in the setting of acute coronary syndromes was performed in 46 interventions (21 interventions after dipyridamole application, 25 recanalisations following conventional pretreatment). In 53 interventions (25 patients receiving dipyridamole, 28 patients receiving conventional pretreatment) intracoronary stent implantation was required for insuYcient balloon angioplasty results or threatened abrupt vessel closure after randomisation had already been performed. These interventions were only included in the intention to treat analysis and not in the analysis that was restricted to pure balloon angioplasty. The opened envelops containing the information on the randomisation decision were removed.
Quantitative coronary angiography (QCA) (Kontron Cardio 500) of the target lesion was performed in all patients enrolled into the study, immediately before and after PTCA at primary intervention and at follow up angiography. The investigator performing QCA was unaware of the patient's treatment. The degree of stenosis (%) was assessed in the angiographic view in which the stenosis appeared most severe. If PTCA was performed in diVerent parts of the vessel only the stenosis with the highest degree was analysed. QCA was performed with the aid of electronic caliper measurements performed on selected magnified cineframes referring to the known diameter of the guiding catheter. Minimal lumen diameter (mm), vessel diameter (mm), and stenosis length (mm) were analysed. In patients receiving recanalisation of a completely occluded coronary artery for acute coronary syndromes, only minimal lumen diameter and degree of stenosis after PTCA and vessel diameter were analysed.
In order to exclude a potential impact of vasoactive substances on the outcome of this study, oral antianginal medication was discontinued at least 12 hours before coronary angioplasty as a part of the study protocol. Only patients presenting with acute coronary syndromes received intravenous heparin and isosorbide dinitrate infusion until the beginning of the PTCA procedure.
STUDY END POINTS
The primary study end point was defined as occurrence of symptomatic abrupt vessel closure following primary successful angioplasty occurring in the first 48 hours after the intervention (TIMI flow grade 0-1). In all patients diagnosis of abrupt vessel closure was confirmed angiographically and instrumental recanalisation was attempted. Repeat angiography was performed in cases of severe angina or occurrence of ECG signs of ischemia, or both. Secondary study end points consisted of additional in-hospital complications including myocardial infarction, necessity for bypass grafting, death following PTCA, and restenosis at follow up. Myocardial infarction was defined as ECG signs of transmural ischaemia resulting in an ST segment elevation exceeding 0.2 mV combined with an increase in serum creatine kinase (CK) > 200 U/l and a CK-MB fraction > 8% of total CK activity. In 763 interventions (72.9% of all PTCA performances) angiographic follow up at a mean of 201 (62) days was available. Angiographic restenosis was defined as at least 50% stenosis of the target lesion on follow up angiogram. Target lesion revascularisation was defined as PTCA/stent or bypass surgery performed because of restenosis of the target lesion.
STATISTICAL ANALYSIS
All data are presented as mean (SD). Significance was accepted with values of p < 0.05. Discrete variables were compared using 2 analysis. However, when the expected value of a cell was < 5, Fisher's exact test was used. Continuous variables were analysed with the help of Student's t test for independent samples. To assess the eVect of intracoronary dipyridamole application on study end points, odds ratios and 95% confidence intervals (CI) were calculated. Statistical analysis was performed by means of PC-SAS software version 6.10.
Results
DEMOGRAPHIC DATA
According to the randomisation intracoronary dipyridamole was administered in 550 interventions (455 interventions in men, 74 dilatations in the setting of acute coronary syndromes); in 544 dilatations conventional pretreatment was performed (444 interventions in men, 81 dilatations for acute coronary syndromes). There was no significant diVerence concerning age, sex, clinical presentation, history of myocardial infarction, and necessity of recanalisation in the setting of acute coronary syndromes (table 1) . Furthermore, the extent of coronary artery disease, the vessel dilated, and data that were assessed by QCA (table 2) did not diVer significantly.
INCIDENCE OF ABRUPT VESSEL CLOSURE
Abrupt vessel closure was observed in 47 interventions (table 3) . Sixteen of these occlusions occurred while the patients were still in the catheter laboratory. Intracoronary dipyridamole pretreatment was associated with a highly significant prevention of abrupt vessel closure (fig 1) , reducing the incidence in all interventions included from 6.1% (in those patients receiving conventional pretreatment) to 2.5% (odds ratio 0.42, 95% CI 0.22 to 0.79). In dipyridamole pretreated patients four occlusions occurred in the catheter laboratory and 10 remote occlusions were noted. Following conventional pretreatment 12 occlusions occurred inside the catheter laboratory and 21 closures occurred after the patients departed. Analysing patients presenting with stable angina dipyridamole pretreatment resulted in a significant prevention, reducing the incidence of abrupt vessel closure by 50% (odds ratio 0.49, 95% CI 0.23 to 0.96). In acute coronary syndromes prevention of abrupt vessel closure by intracoronary dipyridamole was even more pronounced (odds ratio 0.29, 95% CI 0.09 to 0.87), reducing the incidence from 16.0% after conventional pretreatment to 5.5%. Intention to treat analysis demonstrated a significant reduction of abrupt vessel closure in all patients and in the setting of stable angina. The reduction in the incidence of abrupt vessel closure failed to reach significance in acute coronary syndromes.
SECONDARY END POINTS
Following intracoronary administration of dipyridamole there was a notable reduction in the incidence of myocardial infarction following PTCA which, however, failed to reach significance (odds ratio 0.47, 95% CI 0.20 to 1.10). The incidence of bypass grafting and death were also less frequent after dipyridamole pretreatment, but again this failed to reach significance (table 3) . DiVerential assessment of those patients presenting with stable ischemia and those presenting with acute coronary syndromes failed to detect significant diVerences concerning secondary end points in the analysis restricted to balloon angioplasty. However, intention to treat analysis (table 4) revealed a significant reduction in acute myocardial infarction in the entire group of patients following dipyridamole. Long term follow up, which was obtained in 72.9% of all interventions, revealed a trend towards a lower incidence of angiographic restenosis and target lesion revascularisation, but failed to reach significance (table 5) .
SIDE EFFECTS OF INTRACORONARY DIPYRIDAMOLE
APPLICATION
As in previous studies investigating the administration of intracoronary dipyridamole, 19 20 drug associated side eVects were rare and were recorded in just 11 patients (2%). These included bradycardia (n = 3) caused by atrioventricular blockade following the administration of dipyridamole into the right coronary artery, and hypotension (n = 2) which required intravenous fluid administration. In six patients transient angina as a result of the coronary steal phenomenom was noted. All of these six patients presented with severe triple vessel coronary artery disease; in two of these patients PTCA of a bypass graft was performed. Intracoronary dipyridamole was not associated with an increase in bleeding complications at the puncture site.
Discussion
Our data indicate that intracoronary pretreatment with dipyridamole is associated with a highly significant reduction in the incidence of abrupt vessel closure. This prevention could be observed in patients with stable angina and in those with acute coronary syndromes. The comparatively high incidence of abrupt vessel closure, especially in the conventionally treated group, is explained by the high percentage of interventions for acute coronary syndromes accounting for 36.2% of all occlusions. However, in the analysis restricted to balloon angioplasty, patients presenting with acute coronary syndromes seemed to gain the greatest benefit from the addition of intracoronary dipyridamole. Secondary end points defined as myocardial infarction, necessity for bypass grafting, and death following PTCA were reduced by intracoronary dipyridamole but this reduction failed to reach significance. Only in the intention to treat analysis did the incidence of myocardial infarction demonstrate a significant reduction.
IMPLICATIONS FOR INTRACORONARY DRUG
APPLICATION
There are conflicting data concerning the eYcacy of dipyridamole in the prevention of abrupt vessel closure following PTCA. Barnathan and colleagues documented a prevention of abrupt vessel closure and a reduction of clinical asymptomatic intracoronary thrombus formation following intensive oral antithrombotic medication comprising aspirin and dipyridamole. 21 In a prospective randomised trial Lembo and colleagues compared pretreatment with oral aspirin versus oral aspirin plus dipyridamole before PTCA.
14 In this investigation additional oral application of dipyridamole failed to demonstrate a positive eVect on complications following PTCA defined as myocardial infarction, necessity for bypass grafting, and death. In a retrospective analysis by Danchin and colleagues, intravenous infusion of dipyridamole (30 mg) before PTCA was associated with a significant reduction of angiographically assessed abrupt vessel closure and myocardial infarction. 15 Oral or intravenous application of dipyridamole is associated with a high degree of plasma protein binding (up to 99%). 16 This high level of plasma protein binding might counteract a suYcient local concentration of dipyridamole at the coronary site, which might explain the conflicting data concerning the eYcacy of dipyridamole as an antithrombotic drug. Large dosages of dipyridamole are required to inhibit platelet aggregation in vitro. 22 Thus the intracoronary application mode most likely represents the only possibility of achieving a suYcient dipyridamole induced platelet aggregation at the coronary site. Furthermore intracoronary infusion of dipyridamole is associated with a very low incidence of side eVects. 19 20 POSTULATED MECHANISM OF ACTION The mechanism of action of dipyridamole in the setting of platelet aggregation in vivo is a subject of controversy. There are several diVerent mechanisms contributing to the antithrombotic eYcacy of dipyridamole. 23 Dipyridamole inhibits the activity of phosphodiesterase leading to the degradation of cAMP. The increased intraplatelet cAMP concentration prevents platelet aggregation. 24 Furthermore, it has been argued that dipyridamole exerts an antithrombotic eVect by modulating the action of platelet inhibiting eicosanoids such as prostacyclin and prostaglandin D2. 25 These substances lead to the inhibition of platelet aggregation and function by the direct stimulation of platelet adenylate cyclase. Inhibition of adenosine degradation represents an additional crucial mechanism, contributing to the antithrombotic eVect of dipyridamole. 26 27 Under physiological circumstances adenosine is rapidly incorporated into erythrocytes and endothelial cells. 28 29 Dipyridamole inhibits adenosine reuptake leading to an increased local concentration of adenosine. Adenosine inhibits thrombocyte function by a direct stimulation of adenylate cyclase. 30 The potential key role of the adenosine pathway in the antithrombotic eYcacy of dipyridamole is stressed by Dawicki and colleagues. 31 In this investigation small dosages of adenosine and dipyridamole, at concentrations which both compounds have no inhibitory eVect on platelet function, were sufficient to suppress platelet aggregation in human blood. Adenosine exerts a pronounced vasodilating capacity at the microvascular site leading to an increase in coronary perfusion. This increase in blood flow might facilitate the dispersal of intracoronary thrombi and thus may represent an additional explanation of the antithrombotic eVect of dipyridamole. Finally, dipyridamole may also inhibit platelet aggregation through a pharmacokinetic interaction with aspirin leading to an incremental additional antithrombotic eVect. 32 Pharmacokinetic interactions between aspirin and dipyridamole have been observed in the animal model. However, clinical studies have failed to document a mutual synergistic eVect. 23 From our data it is not possible to elucidate completely the precise mechanism of action by which intracoronary dipyridamole prevents abrupt vessel closure. However, a synergistic eVect involving adenosine induced coronary vasodilatation at the microvascular site combined with inhibition of thrombocyte aggregation represents the most convincing explanation of our findings.
STUDY LIMITATIONS
Abrupt vessel closure following PTCA can be caused by diVerent mechanisms. These include intracoronary thrombus formation, development of an occlusive dissection, and vasoconstriction following PTCA. In some cases it remains impossible to clarify the exact cause of abrupt vessel closure using coronary angiography. As documented by intravascular ultrasound imaging, coronary angiography often represents a poor tool in the detection and classification of dissections following PTCA. Because of these methodological limitations our study does not investigate and compare the causal mechanisms leading to the development of abrupt vessel closure.
Another methodological limitation refers to the possibility of clinically "silent" vessel closure following PTCA. These cases would not have been included in our investigation. In an attempt to minimise the influence of clinically silent abrupt vessel closure, recanalisations of completely occluded coronary arteries in the setting of stable angina were not included in the study.
CONCLUSIONS
Intracoronary application of dipyridamole is associated with a highly significant reduction in the incidence of abrupt vessel closure following PTCA. This beneficial eVect was observed in patients presenting with stable angina and acute coronary syndromes. However, in the analysis restricted to PTCA, patients receiving coronary angioplasty in the setting of myocardial infarction or unstable angina seem to gain the greatest benefit from intensifying the antithrombotic medication by intracoronary dipyridamole. In the intention to treat analysis myocardial infarction following PTCA was observed less frequently following intracoronary dipyridamole.
IMAGES IN CARDIOLOGY
EVusive-constrictive pericarditis A 51 year old man presented with progressive worsening of chronic ascites. He had a history of chronic pericarditis of unknown cause requiring pericardiocentesis three timed in the last decade; the last performed six years previously.
At admission, physical examination revealed signs of systemic venous congestion, hepatomegaly, and a voluminous ascites with umbilical hernia. Spiral computed tomography of the heart after intravenous injection of contrast medium showed a mild amount of pericardial fluid, diVuse thickening, and calcification of visceral pericardium (epicardium), and only focal calcifications of parietal pericardium (the white arrows outline the thickened and calcified visceral pericardium; PE, pericardial eVusion; F, epicardial fat; RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle).
Right cardiac catheterisation was consistent with constrictive pericarditis. The definite diagnosis was chronic eVusive-constrictive pericarditis. This condition is characterised by the coexistence of epicardial constriction and pericardial eVusion. Pericardial fluid may cause cardiac tamponade in which case pericardiocentesis results in only partial and temporary relief.
EVusive-constrictive pericarditis appears to begin as an active eVusive pericarditis, with epicardial fibrosis and calcification developing later as a complication of the healing process. Reported causes do not seem to diVer from those of non-eVusive forms; the only exception being postsurgical constrictive pericarditis, which usually develops without eVusion. Our patient had successful surgical removal of an extensively calcified epicardial layer.
